Three-dimensional (3D) visualisations are an interesting method for representing model outcomes. Most visualisation techniques require expensive software and a lot of time to create them. When the visualisations need to be adapted frequently, a faster and more flexible method is needed. The first step of the proposed model is to create the 3D elements. These elements are combined with the base map, and distributed to the public using Google Earth. Both freely available and commercial software are used in this process.
Introduction
In the current study, we are looking for a method that combines the flexibility of digital, geographical information system (GIS)-based map making with the attractiveness of three-dimensional (3D) visualisations. This quest builds upon previous work by Borsboom-van Beurden et al. (2006) and Riedijk and van de Velde (2006) . Our need is a visualisation process that is easy and quick, and a result that is appealing, easy to distribute and interactive. We have developed a process for a landuse model, and it will be illustrated in this paper using that model as an example. The applied Land-Use Scanner model simulates land use in the country using policy alternatives and land characteristics as an input. Running the model with different policy alternatives gives different output results. We will use our proposed visualisation method to generate a set of visualisations of the simulated land-use changes.
In the present paper, the above -mentioned process is described and discussed. First, a short introduction to the land-use model is given. After that the construction of the 3D elements of the visualisation is described. Then the software environment to bring Land Use Scanner results and the 3D elements together is explained. The last step in the methodology is the presentation of the visualisation in Google Earth. In the conclusions section we will focus on the cost/time effectiveness and applicability of the methodology.
Methodology

Simulating land-use changes
The Land Use Scanner is a GIS-based land-use model that simulates future land use. The model has been applied in various kinds of research projects such as: the evaluation of alternatives for a new national airport (Scholten et al. 1999) , and the simulation of future land use following different scenarios (Schotten and Heunks 2001, Borsboom-van Beurden et al. 2007 ) and a simulation of future land use for water management (Dekkers and Koomen 2005) . A full account of the model is provided in Hilferink and Rietveld (1999) . The simulation of the spatial location of future land use is based on three kinds of data:
. Current land use: a representation of the 2000 land use in 17 main types;
. Regional Land use claims: the future demand for land for all distinguished land use type specified per region; . Local suitability: a user-specified combination of current land use, policy maps and thematic maps that indicates the suitability of location for a specific use.
A seriously revised version (4.7) of the model became available in 2005. This new version offers the possibility to use a 100)100 m grid, covering the terrestrial Netherlands in about 3.3 million cells. This resolution comes close to the size of actual building blocks and allows for the use of homogenous cells that only describe the dominant land use. For a more detailed description of the most recent model version and its calibration and validation the reader is referred to other publications Koomen 2007, Tijbosch et al., 2007) .
In this study we are only particularly interested in the locations where land use has changed in 2040, compared to the current 2000 land use. These locations are especially relevant to policymakers and other stakeholders as they indicate where changes in the landscape are likely to take place. To intuitively represent these locations we will create 3D-visualisations of the appropriate grid cells. To this effect we create a difference map for selected land-use types that is exported to ArcGIS. In this standard GIS-package we will then create the 3D-visualisations with the Google Sketch-up tool. Figure 1 depicts this process graphically.
Designing the icons for changed land use in 2040
Different software tools exist to create features in three dimensions (icons) but we selected the SketchUp software by Google for the following reasons: it allows creating, viewing and modifying 3D representations in a relatively quick and easy way. In our pilot-study, the freeware version was sufficient to effectively create semirealistic 3D visualisations. The SketchUp tool has the advantage that we did not have to rely on the much more complicated traditional graphic design (computer aided design (CAD)) software. It has the further advantage of being closely linked to both the GIS-software from which we export the locations of changed land use and the GoogleEarth tool that we want to use to show the final visualisations.
We have chosen to represent the locations of land-use change in three dimensions for the following Land Use Scanner classes.
. Low-density residential areas: single family dwellings with a maximum of three floors.
. Medium-density residential areas: multi-family dwellings consisting of low apartment blocks of four to five floors. . High-density residential areas: high rise apartment blocks of about ten floors. . Commercial areas: office buildings and other districts with big and small buildings. . Greenhouses: horticulture in greenhouses.
The changed locations of the other simulated land-use types will be shown as two-dimensional (2D) squares. For the land-use types that are not simulated by the model (infrastructure and water) no additional visualisations are created. Together with the other locations of no-change these will be represented through the GoogleEarth aerial photo base maps in the final visualisation.
The 3D design of the new land-use type icons in 2040 has been done according to criteria listed below. An overview and graphical depiction is provided in Figure 2 . First, we strived to create semi-realistic icons that are made to scale. This means that the built 3D land-use types will correspond to the 100 )100 m size of the pixels that form the grid. An additional concern is that we want to represent the future. This means that the design should have a somewhat futuristic tendency, depicting houses as they may look like in the coming decades. Last, but not least, the file size of the individual icons must be limited, to guarantee a good performance during the visualisation. This means that the elaboration of 3D land use will be conditioned, a priori, by avoiding maximum detail in the buildings, working with 'Textures' which allows the painting of the created facades, and storage in 'Components'. (both are tools in SketchUp). Adding the icons to the locations of change In this step, we add the 3D-icons to the locations of changed land use. Starting-point in this process is the difference map from the land-use model that is imported in ArcGIS and converted to georeferenced points (shapefiles). This shapefile is imported by SketchUp where these points will be replaced by the created 3D icons (see the process in Figure 1 ). The SketchUp ArcGIS plugin allows conversion of the ArcGIS data vector geometric features to.SKP file for SketchUp. The new SKP files will keep the georeference and size information from ArcGIS.
Showing the final results in Google Earth
Google Earth is a platform that is used to explore, present and exchange (social) geoinformation. It is easy to use, available for free and widely used. For these reasons we selected it as presentation platform.
It is very easy to export files from Google SketchUp to Google Earth. The buttons are standard in SketchUp (View Á Toolbars Á Google). When the cells come from ArcMap they are already geo-referenced. When clicking the 'Place Model' tool, the position is also exported to Google Earth and the cells will be at the correct position in Google Earth.
We can start making a presentation when the cells are imported to Google Earth. One way to make a presentation is to make a flight path over/around the cells. This way you can explore the situation and show the effect of the cells (buildings, roads, water, etc.) on the aerial photos from Google Earth.
A disadvantage of Google Earth is that it is a demanding application: you need a fast connection to the Internet and an up to date computer to use it. Especially 3D visualisation uses a lot of capacity of the computer. Users of Google Earth Pro can choose to render a movie from the presentation in Google Earth to share with.
The cells that visualise the outcome of the Land Use Scanner make the data less abstract and could make it easier to interpret the data. It visualises very globally the impact on the landscape. It is important to know whom you are showing the presentation. A researcher who is into the subject will understand that what he is seeing is prediction of the future. People without background information on the subject might think that they see a building project presentation and that it already is planned like that. (See last picture in Figure 1 : final representation in Google Earth)
Conclusions
In this paper, we have introduced a new visualisation method. This method aims to be an effective, easy and low cost way to distribute interactive 3D maps. In this section we briefly describe our findings in terms of advantages, limitations and possible further research.
An important advantage of the method described in this paper is that it relatively straightforward to perform. The Google SketchUp software is easy to learn, and the process in ArcGIS is a standard GIS procedure. But the main advantage of the method is that once the 3D icons have been created, they can be used over and over again in all scenarios that need to be visualised. Therefore, this method is very suitable for the visualisation of large sets of scenarios or alternative maps. The software used in the described visualisation process is freely available, with the exception of ESRI' † s ArcGIS desktop software. This GIS package used is a common software package for organisations that work with digital maps.
Visualisations of larger areas, e.g. the whole Netherlands, are slow in performance when icons of 100 )100 m are used. Therefore the method is not suitable for visualisation of large areas with small icons. Another limitation is the level of detail on the 3D icons. The level of detail has to be limited for a good performance. Therefore the method is not suitable for visualisations that need a very high level of detail. A successful distribution of the 3D maps with Google Earth depends on the penetration rate of broadband internet access.
This paper focuses on the methodology and not on the way the visualisations are perceived by the audience. In order to have a better comprehension of the usefulness of this method, it is advisable to investigate how people use and understand these interactive 3D visualisations.
The overall conclusion is that using 3D icons for cost efficient, easy to distribute visualisation offers an interesting application field. Limitations in the application of the method depend on the required scale, desired level of detail and broad band internet access availability.
